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(54) Base station power control method and system capable of smoothly executing handoff 



(57) In a mobile communication system which car- 
ries out communication between a base station and a 
mobile terminal by transmitting a control signal therebe- 
tween, the control signal is augmented in its amplitude 
with an increase of a retransmission number of the con- 
trol signal. The control signal is delivered from a base 
station to each base station with a retransmission 
number included therein. Each base station detects the 
retransmission number of the control signal by a 
retransmission number detector and augments an 
amplitude of the control signal with an increase of the 
retransmission number by an amplitude control portion. 
With this structure, it is possible to avoid nonreception of 
the control signal at each mobile terminal even when 
the control signal from the base station suffers interfer- 
ence from another reception energy from a different 
base station. 
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Description 

Background of the Invention: 

[0001 J This invention relates to a base station radio 
communication device (will be often be abbreviated to a 
base station hereinafter) and a method of controlling the 
base station radio communication device. In particular, 
this invention relates to the base station radio communi- 
cation device which receives a control signal sent from 
a base station controller to deliver a transmission signal 
to a mobile terminal. 

[0002] As a mobile communication system of a cel- 
lular type, a wide variety of multiple access systems 
have been heretofore proposed and adopted in the 
world. Among others, a recent attention has been 
directed to a code division multiple access (CDMA) sys- 
tem which has a specific spread code assigned to and 
peculiar to each channel. In such a CDMA system, a 
modulated wave of an identical carrier frequency is 
spread by each specific spread code to be transmitted 
from a transmitter side in the form of a spread signal 
while synchronization operation is executed by the use 
of each specific spread code in each receiver side to 
identify a desired channel. 

[0003] More specifically, such a CDMA system of a 
cellular type has a radio base station (which will be 
called a base station radio communication device) and a 
plurality of mobile terminal communicable with the base 
station radio communication device within a radio serv- 
ice area of the base station. Thus, the base station radio 
communication device has the radio service area. In 
addition, a base station controller is located one at a 
plurality of the service radio areas and is connected to 
the plurality of the base station radio communication 
devices. 

[0004] As mentioned before, different spread codes 
are used to identify radio channels between the base 
station radio communication device and the mobile ter- 
minals while communication is also executed between 
the base station controller and the base station radio 
communication devices. 

[0005] Herein, it is to be noted in the CDMA system 
of the cellular type that each mobile terminal is moved 
through the radio service areas from one to another. In 
this event, the base station radio communication 
devices must be switched from one to another without 
interrupting communication with each mobile terminal. 
[0006] In other words, communication must not be 
interrupted between each mobile terminal and the base 
station radio communication devices, even when each 
mobile terminal is moved through the radio service 
areas from one to another. To this end, a handoff oper- 
ation is executed to switch the base station radio com- 
munication devices from one to another under control of 
the base station controller. 

[0007] Specifically, the base station radio communi- 
cation devices are switched from one to another in the 



CDMA system through a soft handoff operation during 
which each mobile terminal simultaneously communi- 
cates with a plurality of the base station radio communi- 
cation devices. 

5 [0008] However, it often happens that the soft hand- 
off operation is not normally executed due to shadowing 
and, as a result, a call drop takes place due to the shad- 
owing by failure of the soft handoff operation. 
[0009] In Japanese Patent No. 2762965 (will be 

w called Reference 1) assigned to the same assignee as 
this patent application, such a soft handoff method has 
been proposed which monitors, in a mobile terminal, 
pilot channels of base station radio communication 
devices which include a communicating device under 

15 communication and a destined device to be switched. 
The mobile terminal informs the base station radio com- 
munication devices of reception power in the pilot chan- 
nels sent from the base station radio communication 
devices. The communicating device and the destined 

20 device control transmission power on the basis of the 
informed reception power under control of a base sta- 
tion controller. 

[0010] However, it is difficult with this method to 
cope with an abrupt change of the reception power 

25 which might occur due to an obstacle. 

[0011] On the other hand, Japanese Unexamined 
Patent Publication No. Hei 8-8817, namely, 8817/1996 
(will be referred to as Reference 2) discloses a transmit- 
ter which controls radio transmission power by detecting 

30 a radio transmission atmosphere from the retransmis- 
sion number on failure of transmission. No considera- 
tion is made at all in Reference 2 about the soft handoff 
operation. 

35 Summary of the Invention : 

[0012] It is an object of this invention to provide a 
base station radio communication device which is capa- 
ble of quicWy coping with an abrupt change of reception 

40 power or energy and avoiding a call drop which might 
result from failure of a soft handoff. 
[0013] It is another object of this invention to pro- 
vide a base station radio communication device of the 
type described, which is effectively operable when a 

45 mobile terminal is abruptly put into a state which can not 
receive any signal from a present base station radio 
communication device owing to reception of a signal of 
large electric power from another base station radio 
communication device which does not presently carry 

so out any communication. 

[0014] It is still another object of this invention to 
provide a method of controlling a soft handoff operation 
which is effectively operable even when the base station 
radio communication devices are abruptly switched 

55 from one to another. 

[001 5] A base station radio communication device 
to which this invention is applicable is for use in combi- 
nation with a base station controller to receive a control 
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signal from the base station controller and to transmit 
the control signal as a transmission signal to a mobile 
terminal. According to a first aspect of this invention, the 
device comprises receiving means for receiving the 
control signal and transmit power control means for con- 5 
trolling an amplitude of the transmission signal in 
accordance with a retransmission number that is repre- 
sentative of the number of retransmission times of the 
control signal. 

[0016] According to a second aspect of this inven- io 
tion, a radio communication system comprises a plural- 
ity of base station radio communication devices and a 
base station controller which controls the base station 
radio communication devices. The base station control- 
ler comprises control signal supplying means for sup- is 
plying a control signal to each of the base station radio 
communication devices. Each of the base station radio 
communication devices is communicable with a mobile 
terminal within each radio service area determined for 
each base station radio communication device and 20 
comprises receiving means for receiving the control sig- 
nal and transmit power control means for controlling an 
amplitude of the transmission signal in accordance with 
a retransmission number which is representative of the 
retransmission number of times of the control signal. In 25 
this event, the transmit power control means comprises 
a retransmission number detector for detecting the 
retransmission number of the control signal received 
through the receiving means to produce an amplitude 
control signal indicative of the amplitude of the control 30 
signal and an amplitude control potion for controlling the 
amplitude of the control signal that is varied in accord- 
ance with the amplitude control signal. 
[001 7] According to a third aspect of this invention, 
a method is for use in executing handoff in a radio com- 35 
munication system which comprises a mobile terminal 
and a plurality of base station radio communication 
devices. The method comprises the steps of transmit- 
ting, from either one of the base station radio communi- 
cation stations and the mobile terminal to another one, 40 
a control signal determined for the handoff, augmenting 
the same control signal to produce an augmented con- 
trol signal when no acknowledgement of the control sig- 
nal is received, and retransmitting the augmented 
control signal again from one to another. 45 

Brief Description of the Drawing: 

[0018] 

50 

Figs. 1 A and 1 B show schematic diagrams for use 
in describing a movement of a mobile terminal in a 
conventional cellular CDMA system; 
Fig. 2 shows a graphical representation for use in 
describing a variation of reception energy in a 55 
mobile terminal illustrated in Figs. 1 A and 1 B; 
Fig. 3 shows a time chart for use in describing oper- 
ation of the conventional CDMA system illustrated 



in Figs. 1Aand 1B; 

Fig. 4 shows a block diagram for use in diagram- 
matically describing a cellular CDMA system 
according to an embodiment of this invention; 
Fig. 5 shows a signal format which is transmitted 
between a base station controller and each of base 
station radio communication devices; 
Fig. 6 shows a block diagram of each base station 
communication device illustrated in Fig. 4; 
Figs. 7A, 7B, and 7C shows schematic diagrams for 
use in describing a movement of a mobile terminal 
and communication between the mobile terminal 
and each base station; 

Fig. 8 shows a graphical representation for use in 
describing a variation of reception energy in the 
mobile terminal during the movement illustrated in 
Figs. 7Ato 7C; 

Fig. 9 shows a flow chart for use in describing a soft 

handoff sequence or procedure carried out in each 

base station illustrated in Fig. 6; 

Fig. 10 shows a flow chart for use in describing 

retransmission of the same control signal sent to 

the base station during the soft handoff procedure; 

and 

Fig. 1 1 shows a block diagram of an amplitude con- 
trol portion illustrated in Fig. 6. 

Description of the Preferred Embodiments: 

[001 9] Referring to Figs. 1 A and 1 B, description will 
be made about a conventional CDMA system of a cellu- 
lar type which has two base station radio communica- 
tion devices which are depicted by 200A and 200B and 
a mobile terminal 300 and which will be simply referred 
as first and second base stations hereinafter. As shown 
in Fig. 1 A, the mobile terminal 300 is assumed to move 
towards the second base station 200B and to be gradu- 
ally remote from the first base station 200A, communi- 
cating with the first base station 200A and that an 
obstacle 400, such as a big building, exists along a 
route. In addition, it is assumed that the mobile terminal 
300 can measure reception energy of a transmission 
signal sent from each of the first and the second base 
stations 200A and 200B, by monitoring pilot channels 
assigned to each base station 200A and 200B. 
[0020] Under the circumstances, the reception 
energy of the pilot channel assigned to the first base 
station 200A is gradually reduced with time as the 
mobile terminal 300 is distant from the first base station 
200A towards the obstacle 400, as shown by a curve 9A 
in Fig. 2. On the other hand, the reception energy of the 
pilot channel assigned to the second base station 200B 
is very low between the first base station 200A and the 
obstacle 400 on account of shadowing resulting from 
the obstacle 400, as depicted by a curve 9B in Fig. 2. 
[0021] In this event, the mobile terminal 300 is com- 
municable only with the first base station 200A. In other 
words, communication of the mobile terminal 300 is 
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repeated only by the first base station 200A. 
[0022] Herein, it is to be noted in Fig. 2 that first 
threshold T-ADD and a second threshold T-DROP are 
predetermined in connection with the reception energy 
of each pilot channel. Specifically, when the reception s 
energy exceeds the first threshold T-ADD, the base sta- 
tion in question is added to communicable base stations 
while the base station is removed or dropped from com- 
municable base stations when its reception energy is 
less than the second threshold T-DROP. 10 
[0023] When the mobile terminal 300 progresses 
towards the second base station 200B and exceeds the 
obstacle 400, as shown in Fig. 1 B, the reception energy 
of the pilot channel assigned to the second base station 
200B is abruptly changed, as depicted by the curve 9B 15 
in Fig. 2, and exceeds the first threshold T-ADD at a time 
point P1 in Fig. 2. 

[0024] Concurrently, the reception energy of the 
pilot channel from the first base station 200A is sud- 
denly decreased or attenuated and less than the sec- 20 
ond threshold T-DROP due to the shadowing resulting 
from the obstacle 400. 

[0025] In this event, the reception energy from the 
second base station 200B brings about interference in a 
radio signal sent from the first base station and, as a 25 
result, make it difficult to communication between the 
first base station 200A and the mobile terminal 300. 
This finally results in failure of the handoff procedure 
from the first base station 200A to the second base sta- 
tion 200B because no transmission from the first base 30 
station 200A can be carried out in connection with a 
message necessary for the handoff. 
[0026] Referring to Fig. 3 together with Figs. 1 and 
2, description will be made about the failure of the hand- 
off procedure in detail. It is assumed that the reception 35 
energy of the pilot channel assigned to the second base 
station 200B abruptly exceeds the first threshold T-ADD 
while the reception energy of the pilot channel assigned 
to the first base station 200A becomes suddenly lower 
than the second threshold T-DROP, as shown in Fig. 2. 40 
In this event, the mobile terminal 300 transmits a pilot 
strength measurement report (PSMR) message to the 
first base station 200 A at a step 1 . The PSMR message 
is representative of a result of measuring each recep- 
tion energy at the mobile terminal and indicates base 45 
station or stations which have reception energy higher 
than the first threshold T-ADD. 

[0027] The PSMR message is sent through the first 
base station 200A to the base station controller and is 
given to the base station controller. so 
[0028] Responsive to the PSMR message, the 
base station controller adds the reported base station or 
stations as new soft handoff candidate stations. In the 
illustrated example, the second base station 200B is 
added as the new soft handoff candidate station. The 55 
base station controller transmits, to the second base 
station 200B, a traffic channel availability (TCA) mes- 
sage for putting a traffic channel into an active or availa- 



ble state (step S2). Supplied with the TCA message, the 
second base station 200B which is added as a soft 
handoff candidate transmits a traffic channel availability 
acknowledgement (TCA ACK) message to the base sta- 
tion controller at a step 3. 

[0029] Responsive to the TCA ACK message, the 
base station controller transmits a handoff direction 
(HD) message to the mobile terminal 300 through the 
first base station 200A at a step 4. The HD message is 
indicative of parameters, such as a spread code, which 
need to communicate with the second base station 
200B. 

[0030] As readily understood from the above, the 
HD message must be transmitted to the mobile terminal 
300 through the first base station 200A before commu- 
nication is started between the mobile station 300 and 
the second base station 200B, in order to smoothly exe- 
cute the soft handoff. 

[0031] When the HD message is received by the 
mobile terminal 300, the soft handoff procedure is suc- 
cessful. 

[0032] However, it is to be noted that the reception 
energy of the signal sent from the second base station 
200B is abruptly increased when the mobile terminal 
300 passes the obstacle 400, as shown in Fig. 1 B. In 
this case, the interference takes place in the radio signal 
sent from the first base station 200A and, as a result, 
the mobile terminal 300 can not receive the HD mes- 
sage sent from the first base station 200A. When the 
HD message is not received by the mobile terminal 300, 
the base station controller sends the first base station 
200A a traffic channel release message, as shown at a 
step 5, while the first base station 200A sends a traffic 
channel release acknowledgement message to the 
base station controller. 

[0033] From this fact, it is readily understood that no 
reception of the HD message from the first base station 
200A brings about failure of the soft handoff procedure 
and results in a call drop, as illustrated in Fig. 3. 
[0034] Referring to Fig. 4, a cellular CDMA system 
according to an embodiment of this invention has a 
base station controller 100, a plurality of base stations, 
namely, base station radio communication devices 
specified by first and second base stations 200A and 
200B in Fig. 4, and a plurality of mobile terminals one of 
which is only depicted by 300 in Fig. 4 for simplification. 
The base station controller 100 is operable as an upper 
station of the first and the second base stations 200A 
and 200B to control both of them in a manner to be 
described later. It may be understood that the illustrated 
base station controller 100 comprises a control signal 
generator for generating a control signal as mentioned 
later and a distributing the control signal to the first 
and/or the second base stations 200A and 200B. 
[0035] The first and the second base stations 200A 
and 200B have radio service areas or zones. The 
mobile terminal 300 is communicable with the base sta- 
tion controller 100 through the first and the second base 
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stations 200A and 200B within the radio service zones. 
[0036] In the illustrated example, the base station 
controller 100 supplies the first and the second base 
stations 200A and 200B with a speech signal and a con- 
trol signal each of which is produced in the form of a 
data signal with a signal format. In other words, the 
base station controller 100 has a transmitter for trans- 
mitting the data signal in addition to a processing circuit 
for processing each signal given to the base station con- 
troller 100. 

[0037] Referring to Fig. 5. the signal format has an 
identification (ID) area 2a, a retransmission number 
(RT) area 2b, and a data area 2c. The ID area is for 
arranging an identification signal which serves to distin- 
guish between the speech signal and the control signal 
while the RT area is for arranging the retransmission 
number of the data signal located in the ID area. In addi- 
tion, the data area is for locating the data signal trans- 
mitted to the first and the second base stations 200A 
and 200B. 

[0038] In order to detect the number of the retrans- 
mission times, the base station controller 100 also has 
a timer and a counter. In this event, the timer serves to 
measure a transmission or a retransmission time of 
each data signal for a predetermined duration while the 
counter counts the number of retransmission times, 
namely, a retransmission number when an indication is 
given from the timer on lapse of the predetermined 
duration. From this fact, it is readily understood that 
each data signal is retransmitted each time when the 
predetermined duration lapses and the number of the 
retransmission times is located or arranged in the RT 
area illustrated in Fig. 5. In the illustrated example, the 
retransmission number is counted only when the control 
signal is sent from the base station controller 100 to 
each of the base stations 200. In this connection, the 
retransmission number is arranged in the retransmis- 
sion number (RT) area only when the control signal is 
located in the data area illustrated in Fig. 5. 
[0039] Referring to Fig. 6, description will be made 
about each of the first and the second base stations 
200A and 200B that is used in the cellular CDMA sys- 
tem illustrated in Fig. 4 and that is indicated by 200 with 
the suffixes omitted. The illustrated base station 200 
has first through n-th channel controllers 210-1 to 210- 
n, a transmitter (TX) 220, a common amplifier 230, an 
antenna 240, and a receiver (RX) 250. In the example 
being illustrated, n is an integer not smaller than three. 
[0040] The receiver 250 receives a reception signal 
through the antenna 240 and a hybrid and demodulates 
the same into a demodulated signal which is decoded 
into a decoded signal by each of the channel controllers 
210-1 to 210-n to be sent to the base station controller 
100. 

[0041] On the other hand, the transmitter 220 is 
connected to the first through the n-th channel control- 
lers 210-1 to 210-n and is given coded signals obtained 
by encoding, in the channel controllers 210-1 to 210-n, 



a received signal sent from the base station controller 
100. The coded signals are summed up and modulated 
by the transmitter 220 to be produced as a modulated 
signal. The modulated signal is amplified by the com- 
5 mon amplifier 230 to be transmitted as a radio output 
signal from the antenna 240. 

[0042] Inasmuch as a plurality of the mobile termi- 
nals are coupled to a single base station in the cellular 
CDMA system, the base station 200 has the plurality of 

io the channel controllers 210-1 to 210-n, as shown in Fig. 
6. However, since each of the first through the n-th 
channel controllers 210-1 to 210-n is similar in structure 
and operation to one another, description will be made 
only about the first channel controller 210-1 alone. 

is [0043] In Fig. 6, the first channel controller 210-1 
has an encoding portion 211, a control signal detector 
212, an amplitude control portion 213, and a retrans- 
mission number detector 215. The encoding portion 
21 1 encodes the data signal sent from the base station 

20 controller 100 into an encoded signal while the ampli- 
tude control portion 213 controls an amplitude of the 
encoded signal. Consequently, the amplitude control 
portion 213 serves to control transmission power sent 
from the base station 200 to the mobile station 300. 

25 [0044] In addition, the control signal detector 21 2 is 
operable to detect whether the data signal from the 
base station controller 100 detects or identifies the 
speech signal or the control signal. When the control 
signal is detected by the control signal detector 212, the 

30 retransmission number detector 215 counts the retrans- 
mission number of the control signal to produce an 
amplitude control signal AMC determined for the 
retransmission number in a manner to be described 
later. As a result, the amplitude of the encoded signal 

35 produced by the amplitude control portion 213 is varied 
in accordance with the amplitude control signal AMC 
sent from the retransmission number detector 215. In 
the illustrated example, the amplitude control portion 
213 is controlled so that the amplitude of the encoded 

40 signal becomes large with an increase of the retrans- 
mission number of the control signal. In other words, the 
retransmission number detector 215 has a function of 
designating an amplitude value to the amplitude control 
portion 213 by producing the amplitude control signal. 

45 [0045] Herein, it is assumed that the speech signal 
is transmitted from the base station controller 100 to the 
illustrated base station 200. The speech signal is 
encoded by the encoding portion 21 1 into the encoded 
signal and is thereafter sent to the amplitude control 

so portion 213. The amplitude control portion 213 controls 
the amplitude value of the encoded signal in response 
to the amplitude control signal AMC given from the 
retransmission number detector 215. As a result, the 
speech signal is produced from the amplitude control 
55 portion 213 as an amplitude controlled encoded signal. 
It is to be noted that the amplitude control portion 213 is 
set so that the speech signal has a predetermined 
amplitude. At any rate, the amplitude controlled 
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encoded signal is sent from the amplitude control por- 
tion 213 to the transmitter 220 and is modulated by the 
transmitter 220 into a modulated signal. 
[0046] The modulated signal is transmitted as a 
radio signal through the common amplifier 230 and the s 
antenna 240 to the mobile terminal 300. 
[0047] On the other hand, the control signal is 
assumed to be given from the base station controller 
1 00 to the base station 200. In this case, the control sig- 
nal is detected by the control signal detector 212 to be w 
sent to the retransmission number detector 215. The 
retransmission number detector 215 detects the 
retransmission number, namely, retransmission times of 
the control signal. 

[0048] Referring back to Fig. 5, the control signal is is 
identified by the ID area 2a of the data signal sent from 
the base station controller 100. In this connection, a 
control signal identification code is arranged in the ID 
area 2a to identity the control signal when the control 
signal is located within the data area 2c. 20 
[0049] Moreover, the retransmission number is 
arranged in the retransmission number (RT) area 2c on 
transmission of the control signal. If the RT area is 
arranged with zero as the retransmission number, the 
retransmission number detector 215 sets the amplitude 25 
control portion 213 into an amplitude which is equal to 
the predetermined amplitude given to the speech sig- 
nal. On the other hand, when the retransmission 
number becomes equal to unity, the retransmission 
number detector 215 sets the amplitude control portion 30 
213 into an amplitude greater than the predetermined 
amplitude. Likewise, the amplitude set in the amplitude 
control portion 213 is further augmented under control 
of the retransmission number detector 215 when the 
retransmission number becomes equal to two. 35 
[0050] More specifically, the retransmission number 
detector 215 sets the amplitude control portion 213 into 
a square root of 2, namely, V2 (about 1 .4) times the pre- 
determined amplitude determined for the speech signal, 
when the retransmission number is equal to unity. 40 
[0051 ] Thus, the transmission number detector 215 
is operable to set the amplitude control portion 213 into 
the amplitude which is augmented with an increase of 
the retransmission number of the control signal. Simul- 
taneously, the control signal is delivered to the encoding 45 
portion 21 1 to be encoded into an encoded control sig- 
nal as the encoded signal and is sent to the amplitude 
control portion 213. Inasmuch as the amplitude control 
portion 213 is controlled by the retransmission number 
detector 215 in the above-mentioned manner, the so 
encoded control signal is controlled in its amplitude by 
the amplitude control portion 213 so as to be aug- 
mented to the amplitude indicated by the amplitude con- 
trol signal (AMC). The augmented control signal is sent 
from the amplitude control portion 213 to the transmitter 55 
220 to be modulated and to be transmitted through the 
common amplifier 230 and the antenna 240. 
[0052] Referring to Figs. 6 through 10, description 



will be made about a soft handoff procedure according 
to this invention. As shown in Fig. 7A, the cellular CDMA 
system according to this invention has a base station 
controller 100 as illustrated in Fig. 4 and first and sec- 
ond base stations 200A and 200B each of which is sim- 
ilar in structure and operation to that illustrated in Fig. 6. 
Under the circumstances, it is assumed that the mobile 
station 300 communicates with the first base station 
200A and is moved towards the second base station 
200B, as shown in Fig. 7A. 

[0053] In this event, the reception energy of the pilot 
channel from the first base station 200A is gradually 
reduced, as depicted by a curve 80A, as the mobile ter- 
minal 300 becomes remote from the first base station 
200A. On the other hand, the reception energy of the 
pilot signal from the second base station 200B is gradu- 
ally increased, as depicted by a curve 80B, as the 
mobile terminal 300 becomes close to the second base 
station 200B. 

[0054] In a cellular CDMA system defined by TIA 
(Telecommunications Industry Association), EIA (Elec- 
tronic Industries Association), or IS-95, first and second 
thresholds T-ADD and T-DROP are determined, as 
already mentioned in conjunction with Fig. 2. When the 
reception energy of the pilot channel from a certain 
base station exceeds the first threshold T-ADD, the cer- 
tain base station is added as a soft handoff candidate 
station. This procedure may be referred to as addition to 
the soft handoff. Inversely, when the reception energy of 
the pilot channel from a base station under communica- 
tion is lower than the second threshold T-DROP. the 
base station is removed from communicable base sta- 
tions, which may be called deletion from soft handoff. 
[0055] Turning to Fig. 8, let the mobile terminal 300 
be moved towards the second base station 200B and be 
close to the second base station 200B, as illustrated in 
Fig. 7B. In this situation, the reception energy of the pilot 
channel from the second base station 200B exceeds 
the first threshold T-ADD at a point P1 , as shown by the 
curve 80B while the reception energy of the pilot chan- 
nel from the first base station 200A also exceeds the 
first threshold T-ADD, as shown by the curve 80A. 
[0056] It is surmised that the mobile terminal 300 
detects that the reception energy from the second base 
station 200B exceeds the first threshold T-ADD, as 
shown in Fig. 8. In this case, operation is executed in a 
manner illustrated in Fig. 9 when the handoff direction 
(HD) message is not retransmitted while operation is 
executed in a manner illustrated in Fig. 10 when the HD 
message is retransmitted from the first base station. 
[0057] In Fig. 9, the pilot strength measurement 
report (PSMR) message is transmitted from the mobile 
terminal 300 to the first base station 200A and is there- 
after transferred from the first base station 200A to the 
base station controller 100, as shown at a step 1 in Fig. 
9. The PSMR message informs the base station control- 
ler of the second base station 200B from which the 
reception energy of the plot signal exceeds the first 
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threshold T-ADD. Supplied with the PSMR message 
from the mobile terminal 300, the base station controller 
adds the second base station 200B as a new soft hand- 
off candidate station and sends the second base station 
2008 a traffic channel availability (abbreviated to TCA) 
message at a step 2 in Fig. 9. Such a TCR message 
serves to make the second base station 200B start a 
repeat operation of communication between the mobile 
terminal 300 and the base station controller. This shows 
that the second base station 200B is added in the base 
station controller as the new soft handoff candidate sta- 
tion. 

[0058] Responsive to the TCA message from the 
base station controller, the second base station 200B 
returns a traffic channel availability (TCA) acknowledge- 
ment ( ACK) message back to the base station control- 
ler, as shown at a step 3 in Fig. 9. Supplied with the TCA 
ACK message from the second base station 200B, the 
base station controller transmits a handoff direction 
(HD) message to the first base station 200A and, there- 
after, the HD message is transferred one time from the 
first base station 200A to the mobile terminal 300, as 
shown at a step 4 in Fig. 9. As mentioned before, the HD 
message includes parameters, such as spread codes, 
which need to communicate with the second base sta- 
tion 200 B. 

[0059] The HD message is given to the control sig- 
nal detector 21 2 of the first base station 200A illustrated 
in Fig. 6. In the first base station 200A, the control signal 
detector 212 judges the HD message signal as the con- 
trol signal by monitoring the ID area of the HD message. 
Subsequently, the retransmission number of the HD 
message is detected by the retransmission number 
detector 215 (Fig. 6) of the first base station 200A. In 
this example, the HD message is received by the first 
base station 200A only one time and the retransmission 
number is set into zero. Therefore, the retransmission 
number detector 215 sets the amplitude control portion 
213 to the same amplitude value as the speech signal. 
As a result, the HD message is transferred from the 
antenna 240 of the first base station 200A with the same 
energy as the speech signal. 

[0060] Responsive to the HD message, the mobile 
terminal 300 sets the parameters indicated by the HD 
message and, thereafter, transmits a handoff comple- 
tion message to the first base station 200A at a step 5. 
The handoff completion message is also transmitted 
from the mobile terminal 300 to the second base station 
200B, as shown at a step 6 in Fig. 9. In any event, the 
handoff completion message is received by both or 
either one of the first and the second base stations 
200A and 200B and is thereafter transferred to the base 
station controller, as shown at the steps 5 and 6. The 
base station controller selects either one of the handoff 
completion messages that is sent from the first and the 
second base stations 200A and 200B and that has a 
high probability. 

[0061] Supplied with the handoff completion mes- 



sages from the first and the second base stations 200A 
and 200B, the base station controller finishes the addi- 
tion procedure for the soft handoff and put both the first 
and the second base stations 200A and 200B into soft 
5 handoff states, as shown in Fig. 8 and at a step 7 in Fig. 
9. In other words, communication is executed through 
both the first and the second base stations 200A and 
200B that are operable as repeater stations. 
[0062] On the other hand, it is surmised that the 
w mobile terminal 300 does not receives a first one of the 
HD message sent from the first base station 200A, as 
illustrated at a step 4 in Fig. 10. In this event, no handoff 
completion message is transmitted from the mobile ter- 
minal 300, as readily understood from Fig. 10. 
is [0063] Under the circumstances, the base station 
controller can not finish the addition procedure for the 
soft handoff on account of no reception of the handoff 
completion message. Accordingly, the base station con- 
troller transmits the same HD message again through 
20 the first base station 200A to the mobile terminal 300 at 
a step 4-1 in Fig. 10. Such a HD message produced 
again will be called a second HD message. 
[0064] Given the second HD message from the 
base station controller, the control signal detector 212 of 
25 the first base station 200A judges the second HD mes- 
sage as the control signal. Subsequently, the retrans- 
mission number detector 215 is operated to detect the 
retransmission number of the HD message to be sent to 
the first base station 200A. In the illustrated example, 
30 the retransmission number detector 21 5 detects that the 
retransmission number becomes equal to unity, so as to 
set the amplitude control portion 213 into the amplitude 
value which is greater than that of the speech signal. 
The second HD message has the amplitude value 
35 which is about 1.4 times that of the speech signal and 
the energy equal to twice that of the speech signal. 
Thus, the second HD message is sent through the 
antenna 240 from the first base station 200A to the 
mobile terminal 300 again with twice the energy of the 
40 speech signal. 

[0065] As illustrated in Fig. 7C, it is assumed that 
the mobile terminal 300 is further moved from the loca- 
tion shown in Fig. 7B and is very close to the second 
base station 200B. In consequence, let the reception 
45 energy of the pilot channel from the first base station 
200A be lower than the second threshold T-DROP, as 
shown at a position P2 of the curve 80A illustrated in 
Fig. 8. 

[0066] In this situation, the mobile terminal 300 
so transmits the PSMR message, as shown in Figs. 9 and 
10. Inasmuch as the following procedure is common to 
both of Figs. 9 and 10, description will be made with ref- 
erence to only Fig. 9 hereinafter. 
[0067] The transmitted PSMR message can be 
55 received by the first base station 200A (step 8) and/or 
the second base station 200B (step 9). The base station 
controller selects either one of the PSMR messages 
that has a high probability. 
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[0068] At any rate, the PSMR message informs the 
base station controller of the base station, namely, the 
first base station 200A in which the reception energy of 
the pilot channel is lower than the second threshold T- 
DROR The reported base station, namely, the first base 5 
station 200A is removed from the soft handoff candidate 
stations in the base station controller. 
[0069] Supplied with the PSMR message, the base 
station controller prepares the HD message indicative 
of deletion of the first base station 200A from repeater 
stations and sends the same to the mobile terminal 300 
through both the first base station 200 A (step 10) and 
the second base station 200B (step 1 1). 
[0070] Responsive to the HD message, the control 
signal detector 212 of the first base station 200A judges 
the HD message as the control signal. Thereafter, the 
retransmission number detector 215 of the first base 
station 200A detects the retransmission number of the 
HD message. In the example illustrated in Fig. 9, the 
retransmission number is set into zero in the retransmis- 
sion number detector 215 because the HD message in 
question is transmitted as a first control signal from the 
base station controller after the soft handoff state. 
Therefore, the retransmission number detector 215 sets 
the amplitude control portion 213 into the amplitude 
value equal to that of the speech signal. The resultant 
HD message is transmitted from the first base station 
200A through the antenna 240 with the same energy as 
that of the speech signal. 

[0071 ] Herein, let the retransmission number of the 
HD message be equal to unity. In this case, the retrans- 
mission number detector 215 of the first base station 
200A sets the amplitude control portion 213 into the 
amplitude value which is greater than that of the speech 
signal, like in the addition procedure for the soft handoff. 
Specifically, the amplitude value of the HD message 
may be a square root of two, namely, about 1 .4 times 
the amplitude value of the speech signal and the result- 
ant energy of the HD message becomes equal to twice 
the speech signal. 40 
[0072] Responsive to the HD message for the dele- 
tion procedure, the mobile terminal 300 sets the param- 
eters which need to delete the first base station 200A 
from the repeater stations. Thereafter, the mobile termi- 
nal 300 produces the handoff completion message. 45 
[0073] The handoff completion message is sent 
from the mobile terminal 300 and is received by the first 
base station 200A (step 12) and/or the second base sta- 
tion 200 B (step 13) to be sent to the base station con- 
troller. The base station controller selects either one of so 
the handoff completion messages that has a high prob- 
ability. 

[0074] Supplied with the handoff completion mes- 
sage, the base station controller sends the first base 
station 200A the traffic channel release message (step 55 
14) to stop the communication between the mobile ter- 
minal 300 and the first base station 200A. 
[0075] Responsive to the traffic channel release 



message, the first base station 200A returns the traffic 
channel release acknowledgement (ACK) message 
back to the base station controller, as shown at a step 
15 in Fig. 9. Thus, the deletion procedure from the soft 
handoff is finished and the mobile terminal 300 commu- 
nicates only with the second base station 200B, as 
shown at a step 16 in Fig. 9. In other words, communi- 
cation between the mobile terminal 300 and the base 
station controller is executed only through the second 
base station 200B, as illustrated in Fig. 7C. 
[0076] Operation which is carried out after the step 
5 of Fig. 10 is similar to that of Fig. 9 and will not be 
therefore described any longer. 
[0077] Referring to Fig. 11, description will be spe- 
cifically made about the amplitude control portion 213 
illustrated in Fig. 6. The amplitude control portion 213 
illustrated in Fig. 11 is operable in response to the 
amplitude control signal sent from the retransmission 
number detector 215. As shown in Fig. 11, the ampli- 
tude control portion 213 has an amplitude setter 213-1 , 
a first load portion 213-2, a second load portion 213-3, 
and an amplifier 213-4 which may be formed by an 
operational amplifier having an inverting input terminal 
(-), a non-inverting input terminal (+), and an output ter- 
minal. The illustrated amplitude setter 213-1 has first 
through third switches SW1 to SW3 which are selec- 
tively turned on or off in response to the amplitude con- 
trol signal AMC. 

[0078] The first load portion 213-2 is connected to 
the inverting input terminal of the amplifier 213-4 and to 
the second load portion 213-3 also, as shown in Fig. 1 1 . 
The illustrated first load portion 213-2 is assumed to 
have a resistance value of 1 K£l 
[0079] On the other hand, the second load portion 
213-3 is formed by first through fourth resistors which 
are connected in series to one another. The first through 
the third resistors are assumed to have resistance val- 
ues of 1 K n, 0.4 KQ, and 0.6 K£l respectively. 
[0080] As known in the art, the amplification factor 
of the illustrated amplifier 213-4 is determined by a 
resistance value ratio of the first load portion 213-2 to 
the second load portion 213-3. 
[0081] Taking this into consideration, it is readily 
understood that, in order to obtain V2 times of the ampli- 
tude value, the first switch SW1 may be turned off while 
the second and the third switches SW2 and SW3 are 
turned on. This is because the resistance value of the 
second load portion 213-3 becomes equal to 1.4 KQ 
and is 1.4 times the resistor value of the first load por- 
tion 213-2. 

[0082] Likewise, in order to obtain two times the 
amplitude, the first and the second switches SW1 and 
SW2 may be put into off states while the third switch 
SW3 may be put into an on state. The resultant resist- 
ance value of the second load portion 213-3 becomes 
equal to 2.0 Kn and. therefore, the amplification factor 
of the amplifier 213-4 becomes equal to two. 
[0083] As mentioned before, the amplitude control 
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portion 213 is structured by the second load portion 
213-3 formed by the series circuit of the resistors, a 
switch circuit formed by the first through the third 
switches SW1 to SW3, and the amplifier 214-4 formed 
by an inverting amplifier, namely, the operational ampli- 5 
tier to which the second load portion 213-3 is connected 
as a feedback resistor. Specifically, the first through the 
third switches SW1 to SW3 are connected across the 
corresponding resistors in the manner illustrated in Fig. 
1 1 so that each of the corresponding resistors is short- 10 
ened. In any event, the first through the third switches 
SW1 to SW3 are selectively turned on or off in accord- 
ance with the retransmission number indicated by the 
amplitude control signal AMC given from the retrans- 
mission number detector 215 (Fig. 6). 15 
[0084] Thus, the amplification factor of the amplifier 
213-4 can be augmented with an increase of the 
retransmission number of the control signal. 
[0085] Briefly speaking, each of the first and the 
second base stations 200A and 200B is featured in that 20 
the control signal sent from the base station controller is 
transmitted as the transmission signal to the mobile ter- 
minal in a manner augmented with an increase of the 
retransmission number. To this end, the method of 
transmitting the control signal from each base station 25 
includes the step of detecting the retransmission 
number of the control signal sent from the base station 
controller and the step of augmenting the amplitude of 
the transmission signal with the increase of the retrans- 
mission number. The retransmission number may be 30 
included in the control signal sent from the base station 
controller. 

[0086] With this structure, the control signal is 
retransmitted from each base station to each base sta- 
tion with augmented or increased power when the con- 35 
trol signal is not received by a mobile terminal once. 
Such retransmission of the control signal with the aug- 
mented or high power serves to avoid a call drop even 
when reception energy from another base station is 
abruptly increased. This means that the retransmission 40 
of the high power is helpful to prevent the call drop due 
to interference resulting from another base station. In 
consequence, it is possible to smoothly execute the soft 
handoff, even if the reception energy from another base 
station becomes suddenly large. This is because the 45 
reception energy from the base station under communi- 
cation also becomes large at every retransmission of 
the control signal. At any rate, it is possible to reduce 
any interference which might occur in a downward link 
and, as a result, to waste superfluous electric power so 
during the soft handoff and to also decrease failure of 
the soft handoff. Such a decrease of failure of the soft 
handoff might result in an increase of a subscriber 
capacity held in the CDMA system. 
[0087] While this invention has thus far been 55 
described in conjunction with a preferred embodiment 
thereof, it will readily be possible for those skilled in the 
art to put this invention into practice in various other 



manners. For example, this invention is also applicable 
to a control signal which is sent from each mobile termi- 
nal to the base station controller. In this event, the con- 
trol signal detector 212, the retransmission number 
detector 215, and the amplitude control portion 213 
illustrated in Fig. 6 may be included in each mobile ter- 
minal- In addition, the speech signal may be augmented 
together with the control signal in accordance with the 
retransmission number of the control signal, although 
the control signal alone is augmented with an increase 
of the retransmission number in the above-mentioned 
embodiment. The retransmission number of the control 
signal may be counted within each base station or the 
mobile terminal without being counted in the base sta- 
tion controller. Furthermore, this invention may be 
applied to a cellular TDMA system without being 
restricted to the cellular CDMA system. 

Claims 

1 . A base station radio communication device for use 
in combination with a base station controller to 
receive a control signal from the base station con- 
troller and to transmit the control signal as a trans- 
mission signal to a mobile terminal, comprising: 

receiving means for receiving the control sig- 
nal; and 

transmit power control means for controlling an 
amplitude of the transmission signal in accord- 
ance with a retransmission number that is rep- 
resentative of the number of retransmission 
times of the control signal. 

2. A base station radio communication device as 
claimed in claim 1 , wherein the transmit power con- 
trol means comprises: 

a detection circuit for detecting tat retransmis- 
sion number of the control signal which is sent 
from the base station controller to produce a 
retransmission number signal representative of 
the retransmission number of the control sig- 
nal; and 

an amplitude control circuit for augmenting the 
amplitude of the transmission signal with an 
increase of the retransmission number of the 
control signal. 

3. A base station radio communication device as 
claimed in claim 1, wherein the control signal 
includes information which is representative of the 
retransmission number of the control signal. 

4. A base station radio communication device as 
claimed in claim 1 , wherein the transmit power con- 
trol means comprises: 
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a circuit for producing the transmission signal 
which has an amplitude augmented with an 
increase of the retransmission number of the 
control signal. 

5 

5. A method of controlling a base station radio com- 
munication device which transmits a transmission 
signal in response to a control signal sent from a 
base station controller, comprising the steps of: 

10 

detecting the retransmission number of the 
control signal sent from the base station con- 
troller; and 

augmenting an amplitude of the transmission 
signal in accordance with the retransmission 15 
number that is representative of the number of 
retransmission times of the control signal. 

6. A method as claimed in claim 5. wherein the control 
signal includes information representative of the 20 
retransmission number of the control signal. 

7. A radio communication system comprising a plural- 
ity of base station radio communication devices and 

a base station controller which controls the base 25 
station radio communication devices, the base sta- 
tion controller comprising control signal supplying 
means for supplying a control signal to each of the 
base station radio communication devices, each of 
the base station radio communication devices 30 
being communicable with a mobile terminal within 
each radio service area determined for each base 
station radio communication device and compris- 
ing: 

35 

receiving means for receiving the control sig- 
nal; and 

transmit power control means for controlling an 
amplitude of the transmission signal in accord- 
ance with a retransmission number which is 40 
representative of the retransmission number of 
times of the control signal. 

8. A radio communication system as claimed in claim 

7, wherein the control signal supplying means com- 45 
prises: 



a retransmission number detector for detecting 
the retransmission number of the control signal 
received through the receiving means to pro- 
duce an amplitude control signal indicative of 
the amplitude of the control signal; and 
an amplitude control portion for controlling the 
amplitude of the control signal that is varied in 
accordance with the amplitude control signal. 

10. A radio communication system as claimed in claim 
9, wherein the amplitude control portion comprises: 

an operational amplifier having an inverting 
input terminal, a non-inverting terminal, and an 
output terminal; 

a first load portion which is connected to the 
inverting terminal and which has a resistor; 
a second load portion which is connected 
between the inverting terminal and the output 
terminal and which is formed by a a plurality of 
resistors connected in series to one another; 
and 

a switch circuit which is operable in response to 
the amplitude control signal and which is con- 
nected across the resistors to selectively put 
the resistors into a shortened state to change 
resistance values of the second load portion 
from one to another. 

1 1 . A method of executing handoff in a radio communi- 
cation system which comprises a mobile terminal 
and a plurality of base station radio communication 
devices, comprising the steps of: 

transmitting, from either one of the base station 
radio communication stations and the mobile 
terminal to another one, a control signal deter- 
mined for the handoff; 

augmenting the same control signal to produce 
an augmented control signal when no acknowl- 
edgement of the control signal is received; and 
retransmitting the augmented control signal 
again from one to another. 

12. A method as claimed in claim 1 1 , wherein the hand- 
off is soft handoff. 



a generating circuit for repeatedly generating 
the control signal when no acknowledgment 
signal is received; and so 
a delivery circuit for repeatedly delivering the 
control signal to each base station radio com- 
munication device when no acknowledgment 
signal is received from the mobile terminal. 

55 

9. A radio communication system as claimed in claim 
7, wherein the transmit power control means com- 
prises: 



13. A method as claimed in claim 11, wherein either 
one is one of the base station radio communication 
devices while another one is the mobile terminal. 

14. A method as claimed in claim 13, wherein the trans- 
mitting step comprises the steps of: 

receiving the control signal from a base station 
controller; and 

sending the control signal from each of the 
base stations to the mobile station; 
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the augmenting step comprising the steps of: 
monitoring no reception of the acknowledge- 
ment; 

detecting a retransmission number of the con- 
trol signal; and s 
increasing an amplitude of the control signal to 
produce the augmented control signal. 

15. A method as claimed in claim 14, further compris- 
ing the steps of monitoring, in the mobile terminal, 10 
reception energy of the control signal and the aug- 
mented control signal; and 

switching the base stations in the mobile termi- 
nal from one to another by using the control 15 
signal and the augmented control signal. 

1 6. A method as claimed in claim 1 1 , wherein either 
one is the mobile terminal while another one is a 
selected one of the base station radio communica- 20 
tion devices. 
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